This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the 
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee. 


Designation: E2618 - 13 


Standard Test Method for 


Measurement of Particulate Emissions and Heating 


SEE OS Se A 
! NOTICE! 


This NOTICE is NOT part of this standard. 
This standard has been posted because it has 
been incorporated by reference into the U.S. 
Code of Federal Regulations, and is part and 
parcel of US law. This document was posted 
by Public Resource. Public Resource is not | 


affiliated with ASTM or the US Government. | 
Se Rares Ss E. 
(MELNTIT. SRL Serie eee 


Efficiency of Solid Fuel-Fired Hydronic Heating Appliances' 


This standard is issued under the fixed designation E2618; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 


1. Scope 


1.1 This test method applies to wood-fired or automatically 
fed biomass burning hydronic heating appliances. These appli- 
ances transfer heat to the indoor environment through circula- 
tion of a liquid heat exchange media such as water or a 
water-antifreeze mixture. 


1.2 The test method simulates hand loading of seasoned 
cordwood or fueling with a specified biomass fuel and mea- 
sures particulate emissions and delivered heating efficiency at 
specified heat output rates based on the appliance’s rated 
heating capacity. 


1.3 Particulate emissions are measured by the dilution 
tunnel method as specified in Test Method E2515. Delivered 
efficiency is determined by measurement of the usable heat 
output (determined through measurement of the flow rate and 
temperature change of water circulated through a heat ex- 
changer external to the appliance) and the heat input (deter- 
mined from the mass of dry fuel burned and its higher heating 
value). Delivered efficiency does not attempt to account for 
pipeline loss. 


1.4 Products covered by this test method include both 
pressurized and non-pressurized heating appliances intended to 
be fired with wood or automatically fed biomass fuels. These 
products are hydronic heating appliances which the manufac- 
turer specifies for outdoor or indoor installation. They are often 
connected to a heat exchanger by insulated pipes and normally 
include a pump to circulate heated liquid. They are used to heat 
structures such as homes, barns, and greenhouses and can heat 
domestic hot water, spas, or swimming pools. 


1.4.1 Hydronic heating systems that incorporate a high mass 
heat storage system that is capable of storing the entire heat 
output of a standard fuel load are tested by the procedure 
specified in Annex Al. Systems that incorporate high mass 
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heat storage capable of storing a portion of the output from a 
standard fuel load are tested by the procedure specified in 
Annex A2. 


1.5 Distinguishing features of products covered by this 
standard include: 

1.5.1 Manufacturers specify indoor or outdoor installation. 

1.5.2 A firebox with an access door for hand loading of fuel 
or a hopper and automated feed system for delivery of 
particulate fuel such as wood pellets or solid biomass fuel to a 
burn pot or combustion chamber. 

1.5.3 Typically a thermostatic control device that controls 
combustion air supply or fuel delivery, or both, to maintain the 
liquid in the appliance within a predetermined temperature 
range provided sufficient fuel is available in the firebox or 
hopper. 

1.5.4 A chimney or vent that exhausts combustion products 
from the appliance. 


1.6 The values stated in inch-pound units are to be regarded 
as standard. The values given in parentheses are mathematical 
conversions to SI units that are provided for information only 
and are not considered standard. 

1.6.1 Exception—Metric units are used in 13.1, 13.4.3, 
Tables 4-6, and A1.11.6. 


1.7 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 


2. Referenced Documents 


2.1 ASTM Standards:* 

D4442 Test Methods for Direct Moisture Content Measure- 
ment of Wood and Wood-Based Materials 

E631 Terminology of Building Constructions 


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or 
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page on 
the ASTM website. 
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E711 Test Method for Gross Calorific Value of Refuse- 
Derived Fuel by the Bomb Calorimeter (Withdrawn 
2011)° 

E2515 Test Method for Determination of Particulate Matter 
Emissions Collected by a Dilution Tunnel 

2.2 Other Standards: 

CAN/CSA-B415.1-2010 Performance Testing of Solid-Fuel- 
Burning Heating Appliances* 

ASME Pressure Vessel Code” 

EN303-5 Pressure Vessel Code® 

NIST Traceable Methods’ 

2.3 Other Documents:’ 

Monograph 175 Temperature-Electromotive Force Refer- 
ence Functions and Tables for the Letter-Designated 
Thermocouple Types Based on the ITS-90 


3. Terminology 


3.1 Definitions—Definitions are in accordance with Termi- 
nology E631, unless otherwise indicated. 


3.2 Definitions of Terms Specific to This Standard: 

3.2.1 burn rate—the rate at which test fuel is consumed in 
an appliance measured in kilograms or pounds of fuel (dry 
basis) per hour. 


3.2.2 delivered efficiency—the percentage of heat available 
in a test fuel charge that is delivered to a simulated heating load 
as specified in this test method. This test does not account for 
jacket losses or for transfer line losses which will vary with 
actual application. 


3.2.3 firebox—the chamber in the appliance in which the test 
fuel charge is placed and combusted. 


3.2.4 hydronic heating—a heating system in which a heat 
source supplies energy to a liquid heat exchange media such as 
water that is circulated to a heating load and returned to the 
heat source through pipes. 


3.2.5 manufacturer's rated heat output capacity—the value 
in Btu/h (MJ/h) that the manufacturer specifies a particular 
model of hydronic heating appliance is capable of supplying at 
its design capacity as verified by testing, in accordance with 
Section 12. 


3.2.6 overall efficiency, also known as stack loss 
efficiency—The efficiency for each test run as determined using 
the CSA B415.1-2010 Stack Loss Method (SLM) 


3.2.7 test fuel charge—a full load of fuel as specified in 
Section 12 placed in the appliance at the start of the emission 
test run or the mass of fuel consumed by automatically fed 
appliance during a test run. 


3 The last approved version of this historical standard is referenced on 
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3.2.8 test run—an individual emission test which encom- 
passes the time required to consume the mass of the test fuel 
charge. 


3.2.9 thermostatic control—a control device that opens, 
closes or modulates a circuit to control the rate of fuel 
consumption in response to the temperature of the heating 
media in the heating appliance. 


4. Summary of Test Method 


4.1 Dilution Tunnel—Emissions are determined using the 
“dilution tunnel” method specified in Test Method E2515. The 
flow rate in the dilution tunnel is maintained at a constant level 
throughout the test cycle and accurately measured. Samples of 
the dilution tunnel flow stream are extracted at a constant flow 
rate and drawn through high efficiency filters. The filters are 
dried and weighed before and after the test to determine the 
particulate emissions catch and this value is multiplied by the 
ratio of tunnel flow to filter flow to determine the total 
emissions produced in the test cycle. 


4.2 Efficiency: 

4.2.1 Delivered Efficiency—The efficiency test procedure 
takes advantage of the fact that this type of appliance delivers 
heat through circulation of the heated liquid (water) from the 
appliance to a remote heat exchanger and back to the appli- 
ance. Measurements of the water temperature difference as it 
enters and exits the heat exchanger along with the measured 
flow rate allow for an accurate determination of the useful heat 
output of the appliance. The input is determined by weight of 
the test fuel charge, adjusted for moisture content, multiplied 
by the higher heating value. Additional measurements of the 
appliance weight and temperature at the beginning and end of 
a test cycle are used to correct for heat stored in the appliance. 

4.2.2 Overall Efficiency—Overall Efficiency (SLM) is deter- 
mined using the CSA B415.1-2010 Stack Loss Method for data 
quality assurance purposes. 


4.3 Operation—Appliance operation is conducted on a hot- 
to-hot test cycle meaning that the appliance is brought to 
operating temperature and a coal bed is established prior to the 
addition of the test fuel charge and measurements are made for 
each test fuel charge cycle. The measurements are made under 
constant heat draw conditions within predetermined ranges. No 
attempt is made to modulate the heat demand to simulate an 
indoor thermostat cycling on and off in response to changes in 
the indoor environment. Four test categories are used. These 
are: 

4.3.1 Category I—A heat output of 15 % or less of Manu- 
facturer’s Rated Heat Output Capacity. 

4.3.2 Category II—A heat output of 16 to 24 % of Manu- 
facturer’s Rated Heat Output Capacity. 

4.3.3 Category III—A heat output of 25 to 50 % of Manu- 
facturer’s Rated Heat Output Capacity. 

4.3.4 Category IV—Manufacturer’s Rated Heat Output Ca- 


pacity. 
5. Significance and Use 


5.1 The measurement of particulate matter emission rates is 
an important test method widely used in the practice of air 
pollution control. 


5.1.1 These measurements, when approved by federal or 
state agencies, are often required for the purpose of determin- 
ing compliance with regulations and statutes. 

5.1.2 The measurements made before and after design 
modifications are necessary to demonstrate the effectiveness of 
design changes in reducing emissions and make this standard 
an important tool in manufacturer’s research and development 
programs. 


5.2 Measurement of heating efficiency provides a uniform 
basis for comparison of product performance that is useful to 
the consumer. It is also required to relate emissions produced to 
the useful heat production. 


5.3 This is a laboratory method and is not intended to be 
fully representative of all actual field use. It is recognized that 
users of hand-fired wood burning equipment have a great deal 
of influence over the performance of any wood-burning appli- 
ance. Some compromises in realism have been made in the 
interest of providing a reliable and repeatable test method. 


6. Apparatus 


6.1 Scale—A platform scale capable of weighing the appli- 
ance under test and associated parts and accessories when 
completely filled with water to an accuracy of +1.0 lb (+0.5 
kg). 


6.2 Heat Exchanger—A water-to-water heat exchanger ca- 
pable of dissipating the expected heat output from the system 
under test. 


6.3 Water Temperature Difference Measurement—A Type -T 
“special limits” thermopile with a minimum of five pairs of 
junctions shall be used to measure the temperature difference in 
water entering and leaving the heat exchanger. The temperature 
difference measurement uncertainty of this type of thermopile 
is equal to or less than £0.50°F (+0.25°C). Other temperature 
measurement methods may be used if the temperature differ- 
ence measurement uncertainty is equal to or less than =0.50°F 
(+0.25°C). 


6.4 Load Side Water Flow Meter—A water flow meter shall 
be installed in the inlet to the load side of the heat exchanger. 
The flow meter shall have an accuracy of +1 % of measured 
flow. 

6.4.1 Optional Appliance Side Water Flow Meter—A water 
flow meter with an accuracy of +1 % of the flow rate is 
recommended but not required to monitor appliance side water 
flow rate to the heat exchanger. 


6.5 Recirculation Pump—Optional circulating pump used 
during test to prevent stratification of liquid being heated. 


6.6 Water Temperature Measurement—Thermocouples or 
other temperature sensors to measure the water temperature at 
the inlet and outlet of the load side of the heat exchanger. Must 
meet the calibration requirements specified in 10.1. 


6.7 Wood Moisture Meter—Calibrated electrical resistance 
meter capable of measuring test fuel moisture to within 2 % 
moisture content. Must meet the calibration requirements 
specified in 10.4. 


6.8 Flue Gas Temperature Measurement—Must meet the 
requirements of CSA B415.1-2010, Clause 6.2.2. 


6.9 Test Room Temperature Measurement—Must meet the 
requirements of CSA B415.1-2010, Clause 6.2.1. 


6.10 Flue Gas Composition Measurement—Must meet the 
requirements of CSA B415.1-2010, Clauses 6.3.1 through 
6.3.3. 


7. Hazards 


7.1 These tests involve combustion of solid fuel and sub- 
stantial release of heat and products of combustion. The 
heating system also produces large quantities of very hot water 
and the potential for steam production and system pressuriza- 
tion. Pressurized (closed system) appliances must include an 
appropriately rated American Society of Mechanical Engineers 
(ASME) pressure relief device and a pressure vessel that 
complies with the ASME Pressure Vessel Code or EN303-5 
pressure vessel code. Alternatively, a pressure vessel may be 
installed open to the atmosphere with a stand pipe if allowed by 
the manufacturer’s installation instructions. Appropriate pre- 
cautions must be taken to protect personnel from burn hazards 
and respiration of products of combustion. 


8. Sampling, Test Specimens, and Test Appliances 


8.1 Test specimens shall be supplied as complete appliances 
including all controls and accessories necessary for installation 
in the test facility. A full set of specifications and design and 
assembly drawings shall be provided when the product is to be 
placed under certification of a third-party agency. The manu- 
facturer’s written installation and operating instructions are to 
be used as a guide in the set up and testing of the appliance. 


9. Preparation of Apparatus 


9.1 The appliance is to be placed on a scale capable of 
weighing the appliance fully loaded with a resolution of +1.0 
lb (+0.5 kg). 


9.2 The appliance shall be fitted with the type of chimney 
recommended or provided by the manufacture and extending to 
15 + 0.5 ft (4.6 + 0.15 m) from the upper surface of the scale. 
If no flue or chimney system is recommended or provided 
connect the appliance to a flue of a diameter equal to the flue 
outlet of the appliance and extending 15 + 0.5 ft (4.6 + 0.15 
m) from the top of the scale. For flue systems not provided by 
the manufacturer, the flue section from the appliance flue collar 
to 8 + 0.5 ft (2.44 + 0.15 m) above the scale shall be single 
wall stove pipe and the remainder of the flue shall be double 
wall insulated Class A chimney. 


9.3 Optional Equipment Installation: 

9.3.1 The manufacturer may request that a recirculation 
pump be installed between connections at the top and bottom 
of the appliance to minimize thermal stratification. The pump 
shall not be installed in such a way as to change or affect the 
flow rate between the appliance and the heat exchanger. 

9.3.2 If the manufacturer specifies that a thermal control 
valve or other device be installed and set to control the return 


water temperature to a specific set point, the valve or other 
device shall be installed and set per the manufacturer’s written 
instructions. 


9.4 Prior to filling the tank, weigh and record the appliance 
mass. 


9.5 Heat Exchanger Temperature, Differential Temperature 
and Water Flow Instrumentation: 

9.5.1 Plumb the unit to a water-to-water heat exchanger 
with sufficient capacity to draw off heat at the maximum rate 
anticipated. Route hoses and electrical cables and instrument 
wires in a manner that does not influence the weighing 
accuracy of the scale as indicated by placing dead weights on 
the platform and verifying the scale’s accuracy. 

9.5.2 Locate thermocouples to measure the water tempera- 
ture at the inlet and outlet of the load side of the heat 
exchanger. 

9.5.3 Install a thermopile meeting the requirements of 6.3 to 
measure the water temperature difference between the inlet and 
outlet of the load side of the heat exchanger. 

9.5.4 Install a calibrated water flow meter in the heat 
exchanger load side supply line. The water flow meter is to be 
installed on the cooling water inlet side of the heat exchanger 
so that it will operate at the temperature at which it is 
calibrated. 

9.5.5 Place the heat exchanger in a box with 2 in. (51 mm) 
of expanded polystyrene (EPS) foam insulation surrounding it 
to minimize heat losses from the heat exchanger. 

9.5.6 The reported efficiency and heat output rate shall be 
based on measurements made on the load side of the heat 
exchanger. (See Fig. 1.) 


9.6 Temperature instrumentation shall be installed in the 
output and return lines from the appliance (supply side). The 
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average of the outlet and return water temperature on the 
supply side of the system shall be considered the average 
appliance temperature for calculation of heat storage in the 
appliance (TFavg and TI,,.). Installation of a water flow meter 


in the appliance (supply) side of the system is optional. 


9.7 Fill the system with water. Determine the total weight of 
the water in the appliance when the water is circulating. Verify 
that the scale indicates a stable weight under operating condi- 
tions. Make sure air is purged properly. 


10. Calibration and Standardization 


10.1 Temperature Sensors—Temperature measuring equip- 
ment shall be calibrated before initial use and at least semi- 
annually thereafter. Calibrations shall be in compliance with 
National Institute of Standards and Technology (NIST) Mono- 
graph 175, Temperature-Electromotive Force Reference Func- 
tions and Tables for the Letter-Designated Thermocouple 
Types Based on the ITS-90. 


10.2 Water Flow Meter—The heat exchanger load side 
water flow meter shall be calibrated within the flow range used 
for the test run using NIST Traceable Methods. Verify the 
calibration of the water flow meter before and after each test 
run by comparing the water flow rate indicated by the flow 
meter to the mass of water collected from the outlet of the heat 
exchanger over a timed interval. Volume of the collected water 
shall be determined based on the water density calculated from 
Eq 10, using the water temperature measured at the flow meter. 
The uncertainty in the verification procedure used shall be 1 % 
or less. The water flow rate determined by the collection and 
weighing method shall be within 1 % of the flow rate indicated 
by the water flow meter. 
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Illustrated appliance pump location and flow path through the appliance are generic and may vary based on the unit being tested. 
FIG. 1 Set-Up Schematic 


10.3 Scales—The scales used to weigh the appliance and 
test fuel charge shall be calibrated using NIST Traceable 
Methods at least once every six months. 


10.4 Moisture Meter—The moisture meter shall be cali- 
brated per the manufacturer’s instructions and checked before 
each use. 


11. Conditioning 


11.1 Prior to testing, the appliance is to be operated for a 
minimum of 48 h using a medium heat draw rate. The pre-burn 
for the first test can be included as part of the conditioning 
requirement. If conditioning is included in pre-burn, then the 
appliance shall be aged with fuel meeting the specifications 
outlined in 12.2 with a moisture content between 18 and 28 % 
on a dry basis. Record and report hourly flue gas exit 
temperature data and the hours of operation. It is acceptable 
that the conditioning procedure may be conducted and docu- 
mented by the manufacturer prior to submission of the test 
appliance to a testing laboratory or it may be conducted and 
documented by the testing laboratory. 


12. Procedure 


12.1 Appliance Installation—Assemble the appliance and 
parts in conformance with the manufacturer’s written installa- 
tion instructions. Clean the flue with an appropriately sized, 
wire chimney brush before each certification test series. 


12.2 Cordwood Fueled Appliances: 

12.2.1 Fuel Properties: 

12.2.1.1 Fuel Species and Properties—The test fuel charge 
shall be comprised of any species of cordwood with a specific 
gravity in the range of 0.60 to 0.73 based on oven dry weight 
and volume. Refer to Table | for examples of some fuel species 
that typically meet the specific gravity requirement. Other fuel 
species may be used if they meet the specific gravity require- 
ment. Only cordwood pieces that are free of decay, fungus and 
loose bark shall be used. 

12.2.1.2 Test Fuel Moisture—Using a fuel moisture meter as 
specified in 6.7 of the test method, determine the fuel moisture 
for each test fuel piece used for the test fuel load by averaging 
at least five fuel moisture meter readings measured parallel to 
the wood grain. Penetration of the moisture meter insulated 
electrodes for all readings shall be 1/4 the thickness of the fuel 
piece or 3/4 in. (19 mm), whichever is greater. One measure- 
ment from each of three sides shall be made at approximately 
3 in. from each end and the center. Two additional measure- 


TABLE 1 Specific Gravity of Commercially Important Species of 
Wood Based on Oven-Dry Weight and Oven-Dry Volume 


Species Specific Gravity 
Ash, white 0.63 
Beech 0.67 
Birch, sweet 0.71 
Birch, yellow 0.65 
Elm, rock 0.67 
Maple, hard (black) 0.60 
Maple, hard (sugar) 0.67 
Oak, red 0.66 
Oak, white 0.71 
Pine, Southern, longleaf 0.64 


ments at approximately 1/3 of the fuel piece thickness shall be 
made centered between the other three locations. Each indi- 
vidual moisture content reading shall be in the range of 18 to 
28 % on a dry basis. The average moisture content of each 
piece of test fuel shall be in the range of 19 to 25 %. Moisture 
shall not be added to previously dried fuel pieces except by 
storage under high humidity conditions and temperature up to 
100°F. Fuel moisture shall be measured within 4 h of using the 
fuel for a test. 


Note 1—Once split cordwood pieces have dried to an average moisture 
content that is near the top of the allowable moisture content range, it has 
been found that to maintain the fuel pieces within the allowable moisture 
content range, storage at a relative humidity of 95 % or higher and 
temperature of 90 to 100°F is necessary. In addition, storage at these 
conditions for a period of several months helps achieve a more uniform 
moisture content throughout the fuel pieces and thus improves the 
accuracy of the moisture content measurement. 


12.2.2 Firebox Volume—Determine the firebox volume in 
cubic feet. Firebox volume shall include all areas accessible 
through the fuel loading door where firewood could reasonably 
be placed up to the horizontal plane defined by the top of the 
loading door. A drawing of the firebox showing front, side and 
plan views or an isometric view with interior dimensions shall 
be provided by the manufacturer and verified by the laboratory. 
Calculations for firebox volume from computer aided design 
(CAD) software programs are acceptable and shall be included 
in the test report if used. If the firebox volume is calculated by 
the laboratory the firebox drawings and calculations shall be 
included in the test report. 

12.2.3 Test Fuel Charge—Test fuel charges shall be deter- 
mined by multiplying the firebox volume by 10 lb (4.54 kg), or 
a higher load density as recommended by the manufacturer’s 
printed operating instructions, of wood (as used wet weight) 
per cubic foot. Select the number of pieces of fuel that most 
nearly match this target weight using Table 2 and Fig. 2 as a 
guide. When the manufacturer’s printed instructions specify 
fuel loading to a specific level, the firebox shall be loaded with 
fuel as specified in 12.2.1 to the level indicated and the weight 
of the fuel load recorded. This weight shall then be divided by 
the firebox volume as determined in accordance with 12.2.3 
and the resulting loading density shall be reported. If this 
loading density is less than 10 Ib/ft* (160 kg/m’), all tests shall 
be run with fuel load densities of 10 lb/ft* (160 kg/m*) even 
though this could require loading to a level higher than 
indicated in the manufacturer’s instructions. 

12.2.4 Sampling Equipment—Prepare the sampling equip- 
ment as defined by Test Method E2515. 

12.2.5 Appliance Start-Up—The appliance shall be fired 
with wood fuel of any species, size and moisture content at the 
laboratories discretion to bring it up to operating temperature. 
Operate the appliance until the water is heated to the upper 
operating control limit and has cycled at least two times. Then 
remove all unburned fuel, zero the scale, and verify the scales 
accuracy using dead weights. 

12.2.6 Pretest Burn Cycle—Reload appliance with fuel 
wood meeting the requirements of 12.2.1 and allow it to burn 
down to the specified coal bed weight. Pretest burn cycle fuel 
charge weight shall be within +10 % of the test fuel charge 
weight. At least 1 h prior to starting the test run, adjust water 
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TABLE 2 Correlation of Cordwood Wood Pieces with Appliance Firebox Volume 


Firebox Volume Cross-section of piece 


Minimum weight 


Maximum weight 80 % piece weight Number of pieces 


ft? (m3) in. (mm) of piece of piece range 
Minimum Maximum Ib (kg) Ib (kg) Ib (kg) 
<4 (<0.11) 2 (61) 6 (152) 2.2 (1) 13.2 (6) 3 to 11 (1.5 to 5) 4to7 
4 to <10 (0.11 to <0.28) 2.5 (64) 8 (203) 4.4 (2) 17.6 (8) 6.6 to 15.4 (3 to 7) 5 to 10 
10 to <20 (0.28 to <0.56) 3 (76) 10 (254) 6.6 (3) 22 (10) 8.8 to 19.8 (4 to 9) 8 to 15 
=20 (=0.56) 3 (77) 12 (305) 8.8 (4) 26.5 (12) 8.8 to 22 (4 to 10) >12 


Minimum 


16" to 24" 


Maximum 
FIG. 2 Cordwood Fuel 


flow to the heat exchanger to establish the target heat draw for 
the test. For the first test run the heat draw rate shall be equal 
to the manufacturer’s rated heat output capacity. 

12.2.7 Allowable Adjustments—Fuel addition or 
subtractions, and coal bed raking shall be kept to a minimum 
but are allowed up to 15 min prior to the start of the test run. 
For the purposes of this method, coal bed raking is the use of 
a metal tool (poker) to stir coals, break burning fuel into 
smaller pieces and dislodge fuel pieces from positions of poor 
combustion. Record all adjustments to and additions or sub- 
tractions of fuel, and any other changes to the appliance 
operations that occur during pretest ignition period. During the 
15-min period prior to the start of the test run, the appliance 
loading door shall not be open more than a total of 1 min. Coal 
bed raking is the only adjustment allowed during this period. 

12.2.8 Coal Bed Weight—The appliance is to be loaded with 
the test fuel charge when the coal bed weight is between 10 and 
20 % of the test fuel charge weight. Coals may be raked as 
necessary to level the coal bed or position coals as recom- 
mended in the manufacturer’s printed operating instructions 
but may only be raked and stirred once between 15 to 20 min 
prior to the addition of the test fuel charge. 

12.2.9 Test Cycle—For all test runs, the return water tem- 
perature to the hydronic heater must be equal to or greater than 
120°F. Aquastat or other heater output control device settings 
that are adjustable shall be set using manufacturer 
specifications, either as factory set or in accordance with the 
Owner’s manual, and shall remain the same for all burn 
categories. Complete a test run in each heat output rate 
category, as follows: 


12.2.9.1 Test Run Start—Once the appliance is operating 
normally and the pretest coal bed weight has reached the target 
value in accordance with 12.2.8, tare the scale, start all 
sampling systems and load the full test charge into the 
appliance. Time for loading shall not exceed 5 min. The actual 
weight of the test fuel charge shall be measured and recorded 
within 30 min prior to loading. 

(1) Record all water temperatures, differential water tem- 
peratures and water flow rates at time intervals of 1 min or less. 

(2) Record particulate emissions data per the requirements 
of Test Method E2515. 

(3) Record data needed to determine Overall Efficiency 
(SLM) per the requirements of CSA B415.1-2010 Clauses 
6.2.1, 6.2.2, 6.3, 8.5.7, 10.4.3 (a), 10.4.3 (f), and 13.7.9.3 

(a) Measure and record the test room air temperature in 
accordance with the requirements of Clauses 6.2.1, 8.5.7 and 
10.4.3 (g). 

(b) Measure and record the flue gas temperature in 
accordance with the requirements of Clauses 6.2.2, 8.5.7 and 
10.4.3 (f). 

(c) Determine and record the Carbon Monoxide (CO) and 
Carbon Dioxide (CO,) concentrations in the flue gas in 
accordance with Clauses 6.3, 8.5.7 and 10.4.3 (i) and (j). 

(d) Measure and record the test fuel weight per the 
requirements of Clauses 8.5.7 and 10.4.3 (h). 

(e) Record the test run time per the requirements of 
Clause 10.4.3 (a). 

(4) Record water flow and temperature data and monitor 
the average heat output rate. If the heat output rate gets close 
to the upper or lower limit of the target range (+5 %) adjust the 
water flow through the heat exchanger to compensate. Make 
changes as infrequently as possible while maintaining the 
target heat output rate. The first test run shall be conducted at 
the Category IV heat output rate to validate that the appliance 
is capable of producing the manufacturer’s rated heat output 
capacity. 

12.2.9.2 Test Fuel Charge Adjustment—It is acceptable to 
adjust the test fuel charge (that is, reposition) once during a test 
run if more than 60 % of the initial test fuel charge weight has 
been consumed and more than 10 min have elapsed without a 
measurable (1 lb (0.5 kg) or 1 % of the test fuel load weight, 
whichever is greater) weight change while the operating 
control is in the demand mode. The time used to make this 
adjustment shall be less than 60 s. 

12.2.9.3 Test Run Completion—The test run is completed 
when the remaining weight of the test fuel charge is 0.0 1b (0.0 
kg). End the test run when the scale has indicated a test fuel 
charge weight of 0.0 Ib (0.0 kg) or less for 30 s. At the end of 
the test run, stop the particulate sampling and record the run 
time and all final measurement values. 


12.2.10 Heat Output Capacity Validation—The first test run 
must produce a heat output rate that is within 10 % of the 
manufacturer’s rated heat output capacity (Category IV). If the 
appliance is not capable of producing a heat output within these 
limits, the manufacturer’s rated heat output capacity is consid- 
ered not validated and testing is to be terminated. In such cases, 
the tests may be continued using the heat output capacity as 
measured as the Manufacturer’s Rated Heat Output Capacity if 
requested by the manufacturer. 


12.2.11 Additional Test Runs—Using the Manufacturer’s 
Rated Heat Output Capacity as a basis, conduct a test for 
additional heat output categories as specified in 4.3. It is not 
required to run these tests in any particular order. 


12.2.12 Alternative Heat Output Rate for Category I—If an 
appliance cannot be operated in the Category I heat output 
range due to stopped combustion two test runs shall be 
conducted at heat output rates within Category II. When this is 
the case, the weightings for the weighted averages indicated in 
14.1.14 shall be the average of the Category I and II weightings 
and shall be applied to both Category II results. Appliances that 
are not capable of operation within Category II (<25 % of 
maximum) cannot be evaluated by this test method. 


12.2.13 Stopped Fuel Combustion—Evidence that an appli- 
ance cannot be operated at a Category I heat output rate due to 
stopped fuel combustion shall include documentation of two or 
more attempts to operate the appliance in burn rate Category I 
and fuel combustion has stopped prior to complete consump- 
tion of the test fuel charge. Stopped fuel combustion is 
evidenced when an elapsed time of 60 min or more has 
occurred without a measurable (1 Ib (0.5 kg) or 1 % of the test 
load weight, whichever is greater) weight change in the test 
fuel charge while the appliance operating control is in the 
demand mode. Report the evidence and the reasoning used to 
determine that a test in burn rate Category I cannot be 
achieved. For example, two unsuccessful attempts to operate at 
an output rate of 10 % of the rated output capacity are not 
sufficient evidence that burn rate Category I cannot be 
achieved. 

12.2.14 Appliance Overheating—Appliances shall be ca- 
pable of operating in all heat output categories without 
overheating to be rated by this test method. Appliance over- 
heating occurs when the rate of heat withdrawal from the 
appliance is lower than the rate of heat production when the 
unit control is in the idle mode. This condition results in the 
water in the appliance continuing to increase in temperature 
well above the upper limit setting of the operating control. 
Evidence of overheating includes: 1 h or more of appliance 
water temperature greater than 15°F (8°C) above the upper 
temperature set-point of the operating control, exceeding the 
temperature limit of a safety control device (independent from 
the operating control), boiling water in a non-pressurized 
system or activation of a pressure or temperature relief valve in 
a pressurized system. 

12.2.15 Additional Test Runs—The testing laboratory may 
conduct more than one test run in each of the heat output 
categories specified in 4.3. If more than one test run is 
conducted at a specified heat output rate, the results from at 
least two thirds of the test runs in that heat output rate category 


shall be used in calculating the weighted average emission rate 
(see 14.1.14). The measurement data and results of all test runs 
shall be reported regardless of which values are used in 
calculating the weighted average emission rate. 


12.3 Automatically Fueled Appliances: 

12.3.1 Appliances designed to burn automatically fed fuels 
such as wood pellets, shelled corn, wood chips or other 
biomass shall be tested using the fuel or fuels specified in the 
manufacturer’s operating instructions. 

12.3.2 Operation—The fuel used shall have representative 
samples taken and tested for higher heating value in accor- 
dance with Test Method E711 and for moisture content by the 
oven drying method (Test Methods D4442, Method A or B). 
Sufficient fuel for the tests shall be placed in a hopper on a 
scale that allows for measurement of the mass of fuel con- 
sumed during the test runs to an accuracy of +1 lb (+0.5 kg). 
The unit shall be set up and operated in accordance with the 
manufacturer’s instructions. A heat exchanger as specified in 
Section 9 shall be used to draw heat from the appliance at the 
rates specified for the categories specified in 4.3. The unit shall 
be operated for a minimum of 2 h at the specified heat output 
rate prior to starting the measurement phase of the test. 

12.3.3 Measurement Phase—Record the weight of the fuel 
in the hopper after the unit has been in operation at the 
specified heat draw rate for 1 h. Start the emissions measure- 
ment sampling train and data collection as required in Test 
Method E2515. Continue operation for a minimum of 4 h. At 
the end of the test period, stop the sampling train and record the 
final weight of the fuel in the hopper. Calculate the emissions, 
efficiency and heat output rate as specified in Section 13 using 
the mass of fuel consumed and the higher heating value for the 
fuel. Repeat this procedure for each heat output rate category. 
If more than one fuel type is specified, repeat the entire rating 
procedure for each fuel type. 


13. Calculation of Results 


13.1 Symbols: 

E= total particulate emissions measured during a full test 
cycle, grams (from Test Method E2515 Eq. 10) 

Emy = emission rate in grams per mega joule of heat output 

Elb/MMBtu Output = &Missions rate in pounds per million Btu of 
heat output 

Eip/MMBtu mput = emissions rate in pounds per million Btu of 
heat input 

Eg = emissions factor in grams per kilogram of dry fuel 
burned 

E. = emission rate in grams per hour 

Eavg = Weighted average emissions in pounds per million 
Btu of heat output 

HHV = higher heating value of fuel = 8600 Btu/lb (19 990 
MJ/kg) 

LHV = lower heating value of fuel = 7988 Btu/lb (18 567 
MJ/kg) 

AT = temperature difference between water entering and 
exiting the heat exchanger 

Qu = total heat output in Btu (MJ) 

Q;n = total heat input available in test fuel charge in Btu (MJ) 

M = mass flow rate of water lb/min (kg/min) 


v; = volume of water indicated by a totalizing flow meter at 
the i™ reading in gallons (litres) 

v,= volumetric flow rate of water in heat exchange system in 
gallons per minute (litres per minute) 

t; = data sampling interval in minutes 

© = total length of test run in hours 

Nae} = delivered heating efficiency in percent 

Nsım = Overall efficiency determined using the CSA B415.1- 
2010 stack loss method in percent 

Navg = weighted average delivered efficiency in percent 

F, = weighting factor for heat output category i 

TI = temperature of water at the inlet on the supply side of 
the heat exchanger, °F 

T2 = temperature of the water at the outlet on the supply side 
of the heat exchanger, °F 

T3 = temperature of water at the inlet to the load side of the 
heat exchanger, °F 


Tlavg = average temperature of the appliance and water at 
start of the test 
Tlavg = 
(T 1 + T 2V2 atthe end of the test,°F (1) 
TF avg = average temperature of the appliance and water at 
the end of the test 
TF yg = 
(T 1 + T 2V2 atthe end of the test,°F (2) 


MC = fuel moisture content in percent based on dry fuel 
weight 

MC; = average moisture content of individual fuel pieces on 
a dry weight basis 

o = density of water (lb/gal) 

C, = specific heat of water in Btu per pound °F 

Cree) = Specific heat of steel (0.1 Btu/lb-°F) 

Wier = fuel charge weight in pounds (kilograms) 

W; = weight of individual fuel pieces in pounds (kilograms) 

Wo pp = Weight of empty appliance in pounds 


app 
W, = weight of water in supply side of the system in 


water 
pounds 

Note 2—After the test is completed, determine the particulate emis- 
sions in accordance with Test Method E2515 Eq. 10 (E7). 


13.2 Determine Average Fuel Load Moisture Content: 


[2$ wmc] 


o> = 

13.3 Determine Heat Input: 
Qin = (Weer (1+(MC,,, /100))) X HAV (4) 
Qin iny = (Wier ((1+(MC,,, /100))) X LHV (5) 


13.4 Determine Heat Output and Efficiency: 
13.4.1 Determine heat output as: 


Q out = > [Heat output determined for each sampling time interval] 


out 


+ Change in heat stored in the appliance (6) 
Qo ia [> ( C, AT; M; 1) ] + (Wos C steet Cog W vais) 
*(TFyg ~ TIa)» Btu (MJ) (7) 


where: 
= parameter value for sampling time interval t; 


i 


M= Mass flow rate = 


gal/min X Density of Water (Ib/gal) = Ib/min (8) 
M, = V; S; lb/min. (9) 
o; = (62.56+ (—.0003413-73,) + (—.00006225-73,)) 
-0.1337, Ibs/gal. (10) 
C,, = 1.0014+(— .000003485 - T 3,),Btu/lb-°F (11) 
C see) = 0.1 Btu/lb-°F (12) 
Cpa = 1.0014 + (—.000003485-(T1,,, + TF,,,/2 ),Btu/lb-°F 
(13) 
V= (V; — V,_,)/(t; — t,_,), gal/min. (14) 
where: 

V; = total water volume at the end of interval i 

V;; = total water volume at the beginning of the time 


interval. This calculation is necessary when a totaliz- 
ing type water meter is used. 
13.4.2 Determine heat output rate as: 


Heat Output Rate = Q,,,, /©, Btu/h (MJ/h) (15) 


out 


13.4.3 Determine emission rates and emission factors as: 


E m= Er 'Qou X 0.001055), g/MJ (16) 

E pomm Bri oupu = (Er 1453.59)/(Q „u X 1076), Ibs/MMBtu Out(17) 
E are = Er I(Wne /(1 +MC/100)), g/dry kg (18) 

E n= Er /@,g/h (19) 


13.4.4 Determine delivered efficiency as: 
Naer = (Qo !Qin) X 100 (20) 
Naer LHV T (Oba lQn ruv) x 100 (21) 


13.4.5 Determine 75,,, - Overall Efficiency, also known as 
Stack Loss Efficiency, using Stack Loss Method (SLM). For 
determination of the average overall thermal efficiency (srm) 
for the test run, use the data collected over the full test run and 
the calculations in accordance with CSA B415.1-2010, Clause 
13.7 


13.4.5.1 Whenever the overall efficiency (szm) is found to 
be lower than the delivered efficiency (7,.)), as determined by 
Eq 20 of this method, 14.1.7 of the test report must include a 
discussion of the reasons for this result. 


13.5 Weighted Average Emissions and Efficiency: 


13.5.1 Determine the weighted average emission rate and 
delivered efficiency from the individual tests in the specified 
heat output categories. The weighting factors (F;) are derived 
from an analysis of American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) Bin Data which 
provides details of normal building heating requirements in 
terms of percent of design capacity and time in a particular 
capacity range (or “bin”) over the course of a heating season. 
The values used in this method represent an average of data 
from several cities located in the northern United States. 


Navg T X nF, % (22) 
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E nę = D E;F „ 1OAMMBTU oupa (23) 


13.5.2 Estimated Average Heat Output (Qout-3 h) and Effi- 
ciency (Naye-g n) for 8 h burn time (does not apply to particulate 
fueled appliances): 

13.5.2.1 Units tested under this standard typically require 
infrequent fuelling, 8 to 12 h intervals being typical. Rating 
unit’s based on an Average Output sustainable over an 8 h 
duration will assist consumers in appropriately sizing units to 
match the theoretical heat demand of their application. 

13.5.2.2 Calculations: 


Nave-sh = Naen T{(8 =. 1) x [Maen = fan) (Y2 
= Y1)]},% (24) 


ere |e ean / 100) - {(X 1+x 2) / 2}y8, Btu/h (25) 
where: 
Yl = test duration just above 8 h, 
Y2 = test duration just below 8 h, 
X1 = total heat input for duration Y1 
X2 = total heat input for duration Y2 
Nae = average delivered efficiency for duration Y1, and 
dep = average delivered efficiency for duration Y2 


13.5.2.3 Determine the test durations and actual load for 
each category as recorded in Table 3 and Table 4. 

13.5.2.4 Determine the data point that has the nearest 
duration greater than 8 h. 


Xi = Actual total input, Y1 = Test Duration and naei = Average Delivered 
Efficiency for this data point 


13.5.2.5 Determine the data point that has the nearest 
duration less than 8 h. 


X2 = Actual total input, Y2 = Test Duration and geo = Average Delivered 
Efficiency for this data point 


13.5.2.6 Example: 


Category Actual Load Duration Nae % Total Input 
(Btu/h) (h) ael (Btu) 
1 15 000 14 70.0 300 000 
2 26 000 -8.56 75.5 290 000 
3 50 000 -4.73 80.1 295 500 
4 100 000 2.46 80.9 305 000 


Category 2 Duration is just above 8 h, therefore: 
X1 = 290 000 Btu, naei = 75.5 % and Y1 = 8.56 h 
Category 3 Duration is just below 8 h, therefore: 
X2 = 295 500 Btu, nyo = 80.1 % and Y2 = 4.73 h 
Navg-sn = 75.5 + {(8 - 8.456) x [(80.1 — 75.5)/(4.73 - 8.456)]} = 76.41% 
Qout-sh = [(76.1/100) - {(290 000 + 295 500)/2}]/8 = 27 848 Btu/h 


14. Report 


14.1 The report shall include the following: 

14.1.1 Name and location of the laboratory conducting the 
test. 

14.1.2 A description of the appliance tested and its 
condition, date of receipt and dates of tests. 

14.1.3 A statement that the test results apply only to the 
specific appliance tested. 

14.1.4 A statement that the test report shall not be repro- 
duced except in full, without the written approval of the 
laboratory. 

14.1.5 A description of the test procedures and test equip- 
ment including a schematic or other drawing showing the 
location of all required test equipment. Also, a description of 
test fuel sourcing, handling and storage practices shall be 
included. 

14.1.6 Details of deviations from, additions to or exclusions 
from the test method, and their data quality implications on the 
test results (if any), as well as information on specific test 
conditions, such as environmental conditions. 

14.1.7 A list of participants and observers present for the 
tests. 

14.1.8 Data and drawings indicating the fire box size and 
location of the fuel charge. 

14.1.9 Drawings and calculations used to determine firebox 
volume. 

14.1.10 Information for each test run fuel charge including 
piece size, moisture content, and weight. 

14.1.11 Temperature, appliance weight, fuel charge weight, 
and water flow data recorded during each test run. 

14.1.12 Test run duration for each test. 

14.1.13 Calculated results for delivered efficiency at each 
burn rate and the weighted average Emissions reported as total 
emissions in grams, pounds per million Btu of delivered heat, 
grams per mega joule of delivered heat, grams per kilogram of 
dry fuel and grams per hour. Results shall be reported for each 
heat output category and the weighted average. 

14.1.14 All required data for each test run shall be provided 
in spreadsheet format. Formulae used for all calculations shall 
be accessible for review. 

14.1.15 Tables 3-6 must be used for presentation of results 
in test reports. 


TABLE 3 Test Condition Summary 


ic) Wruer MCave Qin Qout 
Wood 
Load % Target Actual Actual Test Weight as Wood Heat Heat 
Category Run No Capacity Load Load Load Duration Fired Moisture Input Output 
Btu/h Btu/h % of max h lb % DB Btu Btu 
| <15 % 
of max 
il 16 to 24 % 
of max 
i 25 to 50 % 
of max 
IV Max 
capacity 


TABLE 4 Test Results Summary 


T2 Min Er E E Egh Egg Nael Nsom 
P PM Output ‘ 
Load % Min Return Total PM Based PM Output PM Rate PM Factor Delivered Stack Loss 
Category Run No p Water Temp. Emissions Based Efficiency Efficiency 
Capacity 2 Ib/MMBtu g/h g/kg 
F g g/MJ % % 
Out 
| <15 % 
of max 
il 16 to 24 % 
of max 
mT 25 to 50 % 
of max 
Iv Max 
capacity 


TABLE 5 Heating Season Weighting 


Weighting 


Category Factor (F;) Nader, i X Fi Egy, ix Fj Egg, ix F; Ew mmetu out, i X Fi Egh, ix Fj 
I 0.175 
Il 0.275 
Ill 0.450 
IV 0.100 
Totals 1.000 


TABLE 6 Year-Round Use Weighting 


Weighting 


Category Factor (F;) Taen, X Fi Egy, i X Fi Egg, i X Fi Eb/mmeTu out, i X Fi Egn, i X Fi 
l 0.437 
Il 0.238 
Ill 0.275 
IV 0.050 
Totals 1.000 


14.1.16 A statement of the estimated uncertainty of mea- produce variable amounts of emissions and cannot be used to 
surement of the emissions and efficiency test results. determine reproducibility or repeatability of this measurement 
14.1.17 Raw data, calibration records, and other relevant method. 
documentation shall be retained by the laboratory for a 15.2 Bias—No definitive information can be presented on 
minimum of seven years. the bias of the procedure in this test method for measuring solid 


fuel burning hydronic heater emissions because no material 


having an accepted reference value is available. 
15.1 Precision—It is not possible to specify the precision of 
the procedure in this test method for measuring solid fuel 16. Keywords 
burning hydronic heater emissions because the appliance 16.1 hydronic heaters; hydronic heating appliances; solid 
operation and fueling protocols and the appliances themselves fuel; wood-burning 


15. Precision and Bias 
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ANNEXES 


(Mandatory Information) 


A1. MODIFIED TEST METHOD FOR WOOD-FIRED HYDRONIC APPLIANCES THAT UTILIZE 
FULL THERMAL STORAGE 


A1.1 Scope 


Al.1.1 Annex A1 describes a modified test method that is to 
be utilized for wood-fired hydronic heating appliances, both 
non-pressurized and pressurized, that incorporate, either inte- 
grally or remotely, mass thermal storage. A mass storage unit 
transfers heat to the indoor environment through the circulation 
of a liquid heat exchange media such as water or water/ 
antifreeze mixtures. Such appliances are used to heat structures 
such as homes, barns, small commercial facilities, 
greenhouses, etc., and can heat domestic hot water, spas, or 
swimming pools. 


A1.1.2 Appliances covered by Annex Al must incorporate 
sufficient thermal storage capacity to safely accept the entire 
heat output of a full fuel load without heat draw-off, without 
over heating, and without activating any safety limit controls 
provided with the appliance. Sufficient thermal storage capac- 
ity must be provided by the manufacturer to allow a 4-h carry 
over between firings when providing the maximum rated heat 
output. 


A1.1.3 This test method simulates hand loading of seasoned 
firewood and measures particulate emissions and delivered 
efficiency. The rate at which energy is delivered to a building 
is independent of the combustion process and burn rate; 
however, some heat losses from the system to the environment 
occur over time and are termed stand-by loss for the purposes 
of this test procedure. When heat is required, it is withdrawn 
from thermal storage whether or not combustion is occurring. 
The only function of the combustion process is to periodically 
recharge the thermal storage with energy through a batch burn 
process. Optimization of this batch burn process minimizes 
particulate emissions and increases combustion efficiency. 


A1.1.4 Particulate emissions are measured by the dilution 
tunnel method as specified in Test Method E2515. Delivered 
efficiency is measured by determining the temperature rise of 
the thermal storage and determining the input from the mass of 
dry wood fuel consumed based upon its higher heating value 
and its moisture content. 


A1.1.5 This procedure includes a stand-by loss test which 
determines the average rate heat is expected to be lost from the 
system to the environment when in operation. This data, along 
with the heat storage measurements, are used to calculate 
equivalent efficiency and emissions performance for heat 
output categories as defined in the main standard based on the 
manufacturer’s stated maximum heat output capacity. This 
capacity must not exceed a level that the test data indicates can 
be sustained for a minimum period of 4 h from one full fuel 
charge. An equivalent 8-h heat output capacity is also calcu- 
lated. 


A1.1.6 Distinguishing features of products covered by An- 
nex Al include: 
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A1.1.6.1 A firebox with an access door for hand loading of 
fuel. 

A1.1.6.2 Thermal energy storage (water, refractory, sand, 
concrete, brick, soapstone, metal, etc.) either remote or integral 
as part of the appliance. 

A1.1.6.3 A liquid heat transfer media circulated between the 
heat storage mass and heated space to facilitate the transfer of 
stored heat energy to the heated space. 

A1.1.6.4 Sufficient thermal storage capacity to safely accept 
the entire heat output of a full fuel load without heat draw-off, 
without over heating, and without activating any safety con- 
trols provided with the appliance. An operating control does 
not cycle the combustion air on and off based on storage 
temperature. The appliance burns the entire fuel load at its high 
burn rate. 

A1.1.6.5 A chimney or vent that exhausts combustion prod- 
ucts from the appliance. 


A1.2 Operation 


A1.2.1 Appliance operation is conducted utilizing a batch 
burn cold-to-cold test cycle, meaning that a hot coal bed is not 
established at the beginning of each test cycle and the fuel load 
is fully consumed during the test. For liquid-based systems, the 
appliance (including the thermal storage) is brought up to a 
beginning test temperature of 125 + 5°F (52 + 2.8°C). A test 
fuel load and kindling is placed within the combustion 
chamber, the various temperature measurements are recorded, 
emission instrumentation is activated, the kindling is ignited, 
and the test begins. The test run terminates when the test fuel 
load is fully consumed and there is no additional temperature 
rise of the thermal storage media. Following a test run the 
thermal storage is brought back down to the beginning test 
temperature and made ready for another test run. 


Note Al.1—It is feasible to use non-water-based heat storage media 
such as rock, sand, or other solid materials. Application of this procedure 
to such systems will require additional information and modified proce- 
dures. At a minimum instrumentation would be required to measure 
temperatures in the heat storage media sufficient to determine a true 
average temperature. The mass and specific heat of the media would also 
need to be determined. Alternatively, total heat stored can be determined 
by measuring the flow rate and temperature change of heat transfer media 
(for example, water) between the appliance and the heat storage media 
until no temperature change occurs between the inlet and outlet tempera- 
tures at the heat storage media. 


A1.3 Apparatus 


A1.3.1 Scales—A certified platform scale capable of weigh- 
ing the appliance in test condition to an accuracy of +1 Ib 
(+0.5 kg). This scale should also be capable of weighing the 
thermal storage if remote from the appliance proper. Where the 
thermal storage exceeds the capacity of an available certified 
scale, calculations based upon manufacturer submitted com- 
puter aided design drawings shall be used to determine the 
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mass of the thermal storage. Since the test requires burning of 
single complete fuel loads, a scale capable of weighing the 
appliance is not required to determine the end of the test. A 
separate scale is required to weigh the test load with an 
uncertainty of +0.5 % of the fuel load weight. 


A1.3.2 Heat Exchanger—A water-to-water heat exchanger 
capable of removing the heat in the thermal storage in order to 
bring the thermal storage back down to its starting temperature 
and ready for another test run. 


A1.3.3 Temperature Measurement—Thermocouples shall 
be used to measure the temperature of the thermal storage 
media and appliance. The temperature measurements shall 
have an uncertainty of =0.50°F (+1°C). All appliance surfaces 
in contact with the storage media or within the insulated 
envelope shall be assumed to be at the same temperature as the 
storage media. 


A1.3.4 Flow Meter—A totalizing flow meter with a resolu- 
tion of 0.1 gal (3.8 L) and an accuracy of 0.5 % of volume 
recorded or a flow meter with an accuracy of +0.01 gal/min 
(+£0.038 L/min). 


A1.3.5 Destratification Pump—An inline pump used to 
eliminate thermal stratification in liquid-based thermal storage 
systems to prevent false and inaccurate initial and final 
temperature readings. The pump capacity should be capable of 
“turning over” the liquid at least once every 60 to 90 min. In 
addition to a destratification pump, a 3-D thermocouple array 
securely mounted within the liquid thermal storage may be 
used to confirm the average initial and final thermal storage 
temperature. Thermocouples shall be placed at the outlet and 
return of the recirculation and the average of the two shall be 
used to determine the average temperature of the heat storage 
mass. 


A1.4 Hazards 
A1.4.1 Refer to Section 7. 


A1.5 Sampling, Test Specimens, and Test Appliances 


A1.5.1 Test specimens shall be supplied as complete appli- 
ances including all controls and accessories necessary for 
installation in the test facility. A full set of specifications and 
design and assembly drawings shall be provided when the 
product is to be placed under certification of a third-party 
agency. The manufacturer’s written installation and operating 
instructions are to be used as the guide in the set-up and testing 
of the appliance. Variations or changes to the manufacturer’s 
suggested installation methods must be approved by the 
manufacturer. 


A1.6 Preparation of the Appliance 


A1.6.1 The appliance and thermal storage shall be weighed. 
If not possible, the mass of each shall be calculated based upon 
manufacturers supplied certified AutoCAD (or equivalent 
computer-based) drawings and confirming lab measurements. 
If utilizing a liquid-based system, fill the thermal storage 
through the totalizing flow meter in order to confirm the liquid 
volume. Record the volume or mass, or both, of the appliance, 
firebrick, and thermal storage. 


12 


A1.6.2 Install the destratification pump for liquid-based 
thermal storage systems. The pump shall be piped so that a 
thorough mixing of the liquid storage medium occurs, thus 
eliminating any significant thermal stratification. 


A1.6.3 Install all thermocouples necessary to measure the 
thermal storage temperature. In addition, install the heat 
exchanger with a totalizing flow meter and a thermopile on the 
supply/return connections on the heat rejection (load) side of 
the heat exchanger. The water flow meter is to be installed on 
the cooling water inlet side of the heat exchanger so that it will 
operate at the same temperature as its calibration. Place the 
heat exchanger in a box with 2 in. (51 mm) of EPS foam 
insulation surrounding it to minimize heat losses from the heat 
exchanger. 


A1.6.4 The total energy added to the thermal storage shall 
be obtained by multiplying the temperature change recorded 
for the appliance and thermal storage media by their respective 
masses and specific heats in accordance with A1.10.3. 


A1.7 Calibration and Standardization 
A1.7.1 Refer to Section 10. 


A1.8 Conditioning 


A1.8.1 The appliance (including the thermal storage) is to 
be brought to a beginning test temperature of 125 + 5°F (52 + 
2.8°C). This is to be accomplished by normal operation of the 
unit sufficient to heat the storage media to at least 150°F 
(65.5°C) and then removing heat using the external simulated 
load until the temperature reaches 125 to 130°F (52 to 65.5°C) 
. The unit shall then be allowed to equilibrate for a minimum 
of 4 h with no heat draw before the test run is started. For 
liquid-based thermal storage appliances, activate the destrati- 
fication pump for a sufficient period of time prior to the 
beginning of a test run to eliminate thermal stratification. All 
ash and debris from conditioning or a previous test is to be 
removed from the combustion chamber and the combustion 
chamber is to be brushed clean before each test run. 


A1.8.2 Prior to testing, a non-catalytic appliance is to be 
operated for a minimum of 10 h. Catalytic units shall be 
operated for a minimum of 50 h prior to testing. 


A1.9 Procedure 


A1.9.1 Refer to 12.2, 12.2.1, 12.2.2, and 12.3 in the main 
test method. 


A1.9.2 Fuel Load Size—Determine fuel load weight and 
piece size in accordance with 12.2.4. For a portion of this load 
weight, it is acceptable to substitute up to 5 % of the fuel load 
mass in kindling, which includes smaller and dryer fuel pieces 
than the primary fuel load. Weigh and determine the moisture 
content of all kindling that is used. Record all weights and 
moisture contents. The full test load and kindling are to be 
weighed within 3 h prior to loading on a scale with and 
accuracy of +0.1 lb (+0.05 kg) or 0.5 % of the load weight, 
whichever is greater. Newspaper is to be used to ignite the 
kindling and weighed with the kindling. 

A1.9.2.1 For hydronic heaters that include an automatic 
ignition system (such as a gas ignition burner or electric 


ignition heating element, the ignition system shall be operated 
in accordance with the manufacturer’s written instructions. The 
energy input value from the ignition system shall be measured 
and added to the total energy input for the purpose of 
determining overall efficiency. 

(1) No fuels or energy source other than natural wood, 
newspaper, natural gas, propane gas or electricity shall be used 
for ignition of the heater. 


A1.9.3 Begin Test Run—Record the time and all initial 
temperatures including the average heat storage media tem- 
perature. Activate all instrumentation, light the kindling, and 
close the loading door. 


A1.9.4 Test Run Completion—As the test load burns, moni- 
tor and record the increase in thermal storage temperature at 
intervals of 10 min or less. The test run terminates when the 
test fuel load is fully consumed and there is no additional 
thermal storage temperature rise. It is acceptable to open the 
door and reposition the fuel once during the test to ensure that 
all fuel is consumed. Fuel adjustment, if performed, shall be 
done only when it is apparent that the fire is dying out as 
evidenced by a steady decline in flue gas temperature. Fuel 
adjustments shall be accomplished in no more than 2 min. 
Maximum thermal storage temperature is attained when the 
temperature of the thermal storage media shows a decline or no 
measurable increase for 1 h. Record the highest temperature 
reached. The particulate sampling system shall be run until 
combustion has ceased as evidenced by flue gas temperatures 
falling to within 5°F (2.8°C) of the appliance temperature, flue 
gas oxygen, or carbon dioxide concentrations within 0.5 % of 
ambient or no additional thermal storage temperature rise (<°F) 
in two consecutive 10-min readings. 

A1.9.4.1 Test completion is to be confirmed by visual 
observation of fuel consumption prior to terminating the 
sampling. At the end of the test run, stop the particulate 
sampling, record the run time, and record all final measurement 
values. 

(a) Shovel all remaining unburned fuel and ash from the 
heater and extinguish in an air-tight container. Separate the ash 
from the unburned fuel by sifting using a 0.125 in. (3.2 mm) 
mesh screen. Weight the unburned fuel portion on a scale with 
an accuracy of +0.1 Ib (+0.05 kg). The maximum weight of 
unburned fuel must be less than 5 % of total test fuel weight for 
the test run to be valid. 


A1.9.5 Stored Energy Measurement: 


A1.9.5.1 Record the heat storage media temperature once 
the heat storage has reached its maximum. 


A1.9.6 Additional Test Runs—The testing laboratory is to 
conduct at least three test runs. The results from at least 
two-thirds of the test runs (all three runs if only three runs are 
completed) shall be used for calculating the average emission 
rate and efficiency. The measurement data and results of all test 
runs shall be reported regardless of which values are used in 
calculating the average emission rate and efficiency. 


A1.10 Calculation of Results 
A1.10.1 Refer to 13.1 and 13.2. 
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A1.10.2 For each test run, determine gross heat input 
(Qin,,,,.)- Include the weight of the wood fuel test load and any 
kindling used when determining the heat input. Also, include 
the equivalent heat input from any automatic ignition system if 
used. 


W cinating W jet 
06 k= i + 
Migros l (MCy inating! 100) t+ (MC neil 100) 
-HHV+Q,., (A1.1) 
where: 
HHV = the assumed higher heating value of the fuel, 
8600 Btu/lb (19 990 MJ/kg), 
MC ruer = average fuel moisture content, % dry basis, 
kindling = average kindling moisture content, % dry basis, 
‘fuel = weight of main test fuel load, lb (kg), 
Wrina = weight of kindling, lb (kg), and 


ien heat input from ignition source, Btu (MJ). 


A1.10.2.1 If the weight of the remaining test fuel is greater 
than 1 % of the total test fuel weight at the end of the test run, 
adjust the total heat input using the following equation: 


Qin,..=[Oin,,,, ~ (Wre * HH Vra) BLU (MJ) (A1.2) 
where: 
Qina = Net Heat Input, Btu (MJ), 
Res = Mass of residual unburned fuel after ash is sifted 
out, lb (kg), and 
HHVp., = Assumed HHV of unburned fuel - 12 000 Btu/lb 


(27 890 MJ/kg). 


A1.10.3 For each run, determine heat stored as measured by 
net temperature increase. 


Q sorea = Change in heat stored in the appliance (A1.3) 
Qverea = (Wap Caeert Cp Wyne): TE yg = Tyg) (ALA) 
C, = 1.0014+ (—0.000003485 X T,,,,) (Btu/lb — °F) (A1.5) 
C, = 1.294+ (—0.000000965 x T,,,,) (kJ/kg — °C) (A1.6) 
Cee = 0.1 Btu/Ib — °F (0.1293 kJ/kg — °C) (A1.7) 
where: 
TF,,, = final average heat storage media temperature, °F 
CC) 
Tlawg = initial average heat storage media temperature, °F 
CC) 
Tag = average of TFavg and TI,y., °F (°C) 
A1.11 Stand-by Loss Determination 


A1.11.1 Stand-by loss is a measure of the level of insulation 
of the heat storage system expressed in Btu/h - °F (kJ/h-°C). 


A1.11.2 Procedure: 

A1.11.2.1 Fire the appliance with sufficient fuel of any type 
to bring the temperature of the storage media to at least 170°F 
(77°C). The recirculation pump as described in A1.6.2, shall be 
turned on for a minimum of 1 h before making the water 
temperature measurement. This test can be run as a continua- 
tion of a heat storage measurement test run. 

A1.11.2.2 The external heat exchange load and the recircu- 
lation pump shall be turned off and no water shall be allowed 
to circulate from the appliance through the heat exchanger 


during this test. The system shall then be allowed to equilibrate 
for a minimum of 4h before conducting the stand-by loss 
measurement. No heat draw is applied during this test. 

A1.11.2.3 Record the average heat storage media tempera- 
ture and ambient temperature at least every 30 min during this 
test. 

A1.11.2.4 Start a timer when the 4-h equilibration period 
has elapsed and record the system average temperature. After 
an additional minimum of 8 h has elapsed record the system 
temperature again. The recirculation pump shall be turned off 
until 1 h before the final temperature measurement is made. 

A1.11.2.5 Calculate the stand-by heat loss as follows: 


= (T, T Ta) [Cy Waat Cira W sree] o o 
Q -biss rT, +T,)/2) = a “al ; (Btu/h F, kJ/h C) 
(A1.8) 
where: 

C; = specific heat of heat storage media at (T, + T,)/2, 
water = Weight of heat storage media in the appliance, 
Ta = specific heat of steel = 0.1 Btu/lb °F (0.1292 kJ/kg 

°C), 

W teel = weight of the appliance, lb (kg), 

t = test duration (h), 

T, = average temperature of heat storage media at the 

start of the test, °F (°C), 

T> = average temperature of heat storage media at the 

end of the test, °F (°C), and 

Tamb ave = average ambient temperature, °F (°C). 


A1.11.3 For calculations of efficiency and emissions the 
average input, stored energy and total emissions shall be used 
in the following calculations. 


A1.11.4 Determination of Efficiency: 

A1.11.4.1 Efficiency shall be determined for each heat 
output category (l-IV) based on the manufacturer’s stated 
maximum capacity (Category IV). 

A1.11.4.2 Calculate output rates as follows: 


Q,= QO, X 0.15 (A1.9) 
Q= Qy X 0.20 (A1.10) 
On = Qp X 0.375 (A1.11) 
Qy = manufacturer’ s stated capacity (A1.12) 


Note Al.2—These represent the mid-points of the range specified for 
Categories II and III. 


A1.11.4.3 Determine the duration for heat output for each 
category: 


O i 
t= ; Al.13 
 OF(B5X Ob un) ee 
where: 
t; = the time in hours that heat can be drawn at Q; Btu/h, 
85 = assumed temperature difference of storage average 
temperature (155°F) and lab ambient (70°F), and 
Qtorea = average heat stored in a minimum of three test runs. 


A1.11.4.4 Determine delivered efficiency for each heat out- 
put category. 
O stored — (t iX 85 X Q,- toss) 
Qin 


Naet, i = x100 (A1.14) 
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A1.11.5 Determine the average burn rate (average of the 
minimum three individual burn rates). 


Average burn rate (kg/h) = fuel load weight (dry basis)/test duration, h 
(A1.15) 


where: 


test duration the time in hours required to consume the test 


fuel. 


A1.11.6 Emissions Rate (ET = average emissions from test 
runs): Subscript j denotes data calculated for each heat output 
category. 


E ims, j = Er '(Qou, | X 0.001055) (A1.16) 
E noo gu, ; = Er /(Q ou, | X 9-001) (A1.17) 
E sire; = Er I((Wunaing (1+ MC ying /100)) 
+(Wrey (A+MC;,., /100))) (A1.18) 
E immen oupu, į; = (Er 1453-59)/(Qou, ; X 1076) (A1.19) 
E simmen mpu; = (Er 1453.59)/(Q;,; X10765) (A1.20) 
A1.11.7 Calculate 8-h heat output rate. 
Qs-n = (Quora ~ (8 X85 X Oy» 1ws))/8 (A1.21) 


A1.12 Report 


A1.12.1 The report shall include the following minimum 
information: 

A1.12.1.1 Name and location of the laboratory conducting 
the test. 

A1.12.1.2 A description of the appliance tested, its 
condition, date of receipt and dates of test. Include a descrip- 
tion of the appliance enclosure including insulation type, 
thickness, location, and nominal R-value. 

A1.12.1.3 A statement that the test results apply only to the 
specific appliance tested. 

A1.12.1.4 A description of the test procedures employed 
and a list of participants and observers present for the tests. 

A1.12.1.5 Details of deviations from, additions to or exclu- 
sions from the test method, and information on specific test 
conditions, such as environmental conditions. 

A1.12.1.6 Data and drawings indicating the fire box size 
and location of the fuel charge. 

A1.12.1.7 Information for each fuel charge including piece 
size, moisture content, and weight. 

A1.12.1.8 All recorded temperatures, appliance weight, fuel 
charge weight, thermal storage weight, water flow data, and 
refractory weight. 

A1.12.1.9 Calculated results for delivered efficiency, 
emissions, and weighted averages as indicated in Tables 3-6. 

A1.12.1.10 Stand-by heat loss rate in Btu/h - °F. 

A1.12.1.11 Any pictures that would help to clarify the test 
unit and set up. 

A1.12.1.12 Any required lab certification information or 
instrumentation calibration information, or both. 

A1.12.1.13 Statement of the estimated uncertainty of mea- 
surement of the emissions and efficiency test results. 

A1.12.1.14 Raw data, calibration records, and other relevant 
documentation shall be retained by the laboratory for a 
minimum of seven years. 


A2. MODIFIED TEST METHOD FOR WOOD-FIRED HYDRONIC APPLIANCES THAT UTILIZE 
PARTIAL THERMAL STORAGE 


A2.1 Scope 


A2.1.1 Annex A2 describes a modified test method that is to 
be utilized for wood-fired hydronic heating appliances, both 
non-pressurized and pressurized, that incorporate, either inte- 
grally or remotely, partial mass thermal storage. A partial mass 
storage unit transfers heat to the indoor environment through 
the circulation of a liquid heat exchange media such as water 
or water/antifreeze mixtures. Such appliances are used to heat 
structures such as homes, barns, small commercial facilities, 
greenhouses, etc., and can heat domestic hot water, spas, or 
swimming pools. 


A2.1.2 Appliances covered by Annex A2 generally: 

(1) incorporate sufficient thermal storage capacity to safely 
accept the entire heat output during a test run including heat 
draw-off, without over-heating, and without activating any 
safety limit controls provided with the appliance. 

(2) are designed to minimize or eliminate operation at low 
burn rates by having the capacity to store substantial amounts 
of excess heat. “Excess heat” is energy that cannot be used by 
the structure or other heat load at the time it is generated. 

(3) are designed to provide stored heat to meet heating 
demands from the structure for substantial periods of time after 
the fuel load is fully consumed, and 

(4) operate in that manner that implicates an empty firebox 
and a cold start whenever reloading the appliance with Cat- 
egory | or Category 2 load draws, since heating demands from 
the structure will always be met by stored heat for at least some 
period of time after the full fuel load is consumed. 


A2.1.3 This test method simulates hand loading of seasoned 
firewood and measures particulate emissions and delivered 
efficiency. The rate at which energy is delivered to a building 
is a component of this procedure. 


A2.1.4 Particulate emissions are measured by the dilution 
tunnel method as specified in Test Method E2515. Delivered 
efficiency is determined by measurement of the usable heat 
output (determined through measurement of the flow rate and 
temperature change of water circulated through a heat ex- 
changer external to the appliance plus any stored heat) and the 
heat input determined from the mass of dry fuel burned and its 
higher heating value. Delivered efficiency does not attempt to 
account for pipeline loss. 


A2.1.5 This procedure includes four test runs covering the 
full heat output range of the heater as defined in A2.4.2 of this 
appendix. An equivalent 8-h heat output capacity is also 
calculated. 


A2.1.6 Appliances tested using Annex A2 must satisfy the 
following requirements: 

A2.1.6.1 The manufacturer requires the inclusion of thermal 
storage in all installations and the manufacturer’s recom- 
mended minimum thermal storage is adequate to allow a full 
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test fuel load to be consumed under a Category 2 heat load 
without a shut down or lock out that requires user intervention 
to restart the appliance. 


A2.2 Referenced Documents 
A2.2.1 Refer to Main Test Method, Section 2. 


A2.3 Terminology 
A2.3.1 Refer to Main Test Method, Section 3, except: 


A2.3.2 kindling—split fuel pieces in addition to the test fuel 
load used to ignite the test fuel load from a cold start condition. 
Applies to Category I and Category II test runs only. Kindling 
moisture shall not be less than 7 % dry basis. Kindling piece 
size and placement shall be in accordance with the manufac- 
turer’s written instructions. Newspaper used to ignite the 
kindling is part of the kindling weight. 


A2.3.3 start-up fuel—fuel pieces of any cross-section of at 
least 2 in. (51 mm) and in accordance with the manufacturer’s 
written instructions comprising up to 10 % of the test fuel load 
weight, added to the fire in accordance with the manufacturer’s 
written instructions to help ensure ignition of the remainder of 
the test fuel load as it is added to the firebox. Applies to 
Category I and Category II test runs only. Start-up fuel 
moisture must be in the same range as the test fuel load. 


A2.3.4 test fuel load—a load of fuel (including start-up fuel) 
as specified in A2.12.3 placed in the appliance at the start of the 
emission test run. 


A2.3.5 test fuel piece length—the nominal length of the fuel 
pieces comprising the test fuel load shall be in accordance with 
the manufacturer’s written instructions. Individual test fuel 
pieces may vary from the nominal length by 1 in. (+25 mm). 


A2.3.6 total test fuel weight (dry basis)—the total mass of 
test fuel adjusted to dry basis. Used in conjunction with the 
higher heating value to determine the total heat input during the 
test run. 


A2.3.7 total test fuel weight (wet basis )—the total mass (wet 
basis) of fuel including the test fuel load plus kindling placed 
in the appliance during the test run. Applies to Category I and 
Category II test runs only. 


A2.4 Summary of Test Method 
A2.4.1 Refer to Main Test Method, Section 4, except: 


A2.4.2 Operation: 

A2.4.2.1 Appliance operation for Category IV employs a 
hot-to-hot test cycle identical to the main method. 

A2.4,.2.2 Appliance operation for Category II employs a 
hot-to-hot test cycle identical to the main test method except 
the temperature of the remote thermal storage is brought to a 
beginning test temperature of 125 + 5°F (52 + 2.8°C) by 
adjusting the heat exchanger load as needed. 
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A2.4.2.3 Appliance operation for Category II employs a 
batch burn and a “cold” start with an empty firebox. The heater 
and remote thermal storage are first preheated and then allowed 
to cool so the temperature of the remote thermal storage is at 
a beginning test temperature of 125 + 5°F (52 + 2.8°C). All 
residual preheat fuel and ash is removed from the firebox 
before kindling is added and a fresh fire is ignited to start the 
test run. A full test fuel load is used for the Category II test run. 
The test fuel load including kindling shall be fully consumed, 
as defined in A2.12.9, during the Category II test run. 

A2.4.2.4 Appliance operation for Category I employs a 
batch burn and a “cold” start with an empty firebox. The heater 
and remote thermal storage are first preheated and then allowed 
to cool so the temperature of the thermal storage is at a 
beginning test temperature of 125 + 5°F (52 + 2.8°C). All 
residual preheat fuel and ash is removed from the firebox 
before kindling is added and a fresh fire is ignited to start the 
test run. A partial test fuel load may be used for the Category 
I test run to prevent a shutdown or lockout conditions that 
would invalidate the Category I test run. The partial test fuel 
load mass is determined based on the ratio of the Category I 
target heat output to the measured Category II heat output 
multiplied by the nominal full test fuel load weight (wet basis). 
The test fuel load including kindling shall be fully consumed 
during the Category I test run. 

A2.4.2.5 Test Categories I, II and IV are the same as the 
main test method. Category III is defined as a heat output of 25 
to 60 % of the Manufacturer’s Rated Heat Output Capacity. 
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A2.5 Significance and Use 
A2.5.1 Refer to Main Test Method, Section 5. 


A2.6 Apparatus 
A2.6.1 Refer to Main Test Method, Section 6, except: 


A2.6.2 The test apparatus shall include an intermediary heat 
exchanger placed between the heater and the remote thermal 
storage that will allow the mass of the remote thermal storage 
to be isolated from the appliance mass (See Fig. A2.1). Flexible 
piping (hose) shall be used in locations as needed in the test 
apparatus to ensure that water movement does not affect the 
determination of remaining test fuel load mass with the 
required resolution during the test run. 


A2.6.3 The remote thermal storage tank(s) shall include 
internal thermocouples to measure the water temperature at the 
beginning and end of the test run. At least three thermocouples 
shall be used located on the vertical centerline of the tank(s) 
and spaced horizontally over the height of water in the tank in 
a manner that each thermocouple is at the center of equal water 
volumes in the tank(s). 


A2.7 Hazards 
A2.7.1 Refer to Main Test Method, Section 7. 


A2.8 Sampling, Test Specimens, and Test Appliances 


A2.8.1 Test specimens shall be supplied as complete appli- 
ances including all controls and accessories necessary for 


Flow Control 
Valve 1 


Flowmeter 1 


Diverter Valve 


— 
ontainer 


| 


Drain 


ea 
Sr 
Xx anny N 


S 
A 
N 
N 
N 
N 
N 
N 
N 
N 


JÀ 
Ñ 
À 
Ñ 


SN 


Destratification 
Pump 


@® 


S accnsuncnscssenscnd 


© 


LLLLLLLLLL, 


Mfr's Minimum 
Recommended 
Storage Tank 
Volume 


FIG. A2.1 Test Apparatus Schematic 
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installation in the test facility. A tank or tanks accommodating 
the minimum thermal storage volume recommended by the 
appliance manufacturer may be supplied by the manufacturer 
or provided by the test laboratory. A full set of specifications 
and design and assembly drawings shall be provided. The 
manufacturer’s written installation and operating instructions 
shall be followed in the set-up and testing of the appliance 
except where deviations are required or permitted by this 
appendix. Variations or changes to the manufacturer’s recom- 
mended installation methods must be approved by the manu- 
facturer and documented in the test report. 


A2.9 Preparation of the Appliance 
A2.9.1 Refer to Main Test Method, Section 9, except: 


A2.9.2 The Category IV test may be conducted with or 
without the remote thermal storage as part of the test apparatus 
(See Fig. 1 in the main test method when testing without 
remote thermal storage). 


A2.9.3 Prior to filling the appliance and any remote storage 
tank(s), weigh and record the appliance, intermediary heat 
exchanger and any associated plumbing that may affect the 
scale weight during testing. 

A2.9.3.1 Fill the appliance with water and determine the 
on-scale water mass including the intermediary heat exchanger 
and associated plumbing water mass using the appliance scale. 
Determine the total weight of the water in the appliance, 
intermediary heat exchanger and associated plumbing when the 
water is circulating. Verify that the scale indicates a stable 
weight under operating conditions. Make sure air is purged 
properly. 

A2.9.3.2 Use a totalizing water flow meter to determine the 
mass of water in the remote storage, or determine total storage 
mass by calculation if the volume can be accurately deter- 
mined. 


A2.10 Calibration and Standardization 


A2.10.1 Refer to Main Test Method, Section 10, except: 

A2.10.2 Scales—The scales used to weigh the appliance and 
remote storage tanks(s) and test fuel charge shall be calibrated 
using NIST Traceable Methods at least once every six months. 
A2.11 Conditioning 

A2.11.1 Refer to Main Test Method, Section 11. 


A2.12 Procedure 
A2.12.1 Refer to Main Test Method, Section 12, except: 


A2.12.2 Test Fuel Moisture—Refer to Main Test Method, 
12.2.1.2, except: 

A2.12.2.1 Kindling may have any moisture content equal to 
or greater than 7 % dry basis. 


A2.12.3 Test Fuel Load: 

A2.12.3.1 For the Category IV, Category III and Category II 
test runs, determine the test fuel load weight and piece sizes in 
accordance with 12.2.3 in the main test method. 

A2.12.3.2 For the Category I test run, the test fuel load may 
be a partial test fuel load if a full test fuel load cannot be fully 
consumed during a Category I test run without a shut down or 
lock out that requires user intervention to restart the appliance. 
The nominal weight of a partial test fuel load, if used, shall be 
determined per the following equation: 


Target Category I Heat Output 
` Actual Category II Heat Output 


PTL = 10 lb/ft? (A2.1) 


where: 
PTL = Nominal Partial Test Fuel Load Weight (Wet Basis). 


A2.12.3.3 For the Category I and II test runs only, kindling 
with a weight of up to 10 % of the test fuel load weight may be 
used to ignite the main test fuel load. The kindling weight is in 
addition to the test fuel load weight. The test fuel load weight 
may include up to 10 % start-up fuel. Start-up fuel may be 
comprised of fuel pieces with cross-sections of at least 2 in. (51 
mm). Kindling and start-up fuel shall be placed in the firebox 
in accordance with the manufacturer’s written instructions. The 
remainder of the test fuel load, comprised of pieces meeting the 
sizing requirements in Table 2 in the main test method except 
60 % of the fuel pieces shall fall in the weight ranges specified 
in the column labeled “80 % piece weight range,” is added 
after the start-up fuel in accordance with the manufacturer’s 
written instructions. Fig. A2.2 provides a graphic example of 
the test fuel composition and adjustment of total fuel burned 
per A2.12.9.2(1). Weigh and determine the moisture content of 
all kindling that is used. Record all other fuel piece weights 
(start-up fuel pieces and remainder of test fuel load pieces) and 
moisture contents per 12.2.1.2. The test fuel load and kindling 
are to be weighed within 3 h prior to loading on a scale with an 
accuracy of +0.1 lb (+0.05 kg) or +0.5 % of the load weight, 
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FIG. A2.2 Category 1 and 2 Test Fuel Composition Graphic 
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whichever is greater. Newspaper may be used to ignite the 
kindling in accordance with the manufacturer’s written instruc- 
tions. Newspaper shall be weighed with the kindling. 

A2.12.3.4 For hydronic heaters that include an automatic 
ignition system (such as a gas ignition burner or electric 
ignition heating element), the ignition system shall be operated 
in accordance with the manufacturer’s written instructions. The 
energy input value from the ignition system shall be measured 
and added to the total energy input for the purpose of 
determining overall efficiency. 

A2.12.3.5 No fuels or energy source other than natural 
wood, newspaper, natural gas, propane gas or electricity shall 
be used for ignition of the heater. 


A2.12.4 Appliance Start-Up—The appliance shall be fired 
with wood fuel of any species, size and moisture content at the 
laboratory’s discretion to bring it up to operating temperature. 
When the appropriate temperature has been achieved, remove 
all unburned fuel and ash, zero the scale, and verify the scales’ 
accuracy using dead weights. 


A2.12.5 Pre-Test Burn Cycle—For the Category IV and 
Category III test runs, refer to the main test method, 12.2.6 — 
12.2.8: 

A2.12.5.1 The Category II and Category I test runs begin 
with an empty firebox (no charcoal bed). Adjust the load heat 
exchanger (Fig. A2.1, HEX 2) load side water flow rate as 
needed to bring the return water temperature to the heater and 
the average temperature of any remote storage down to 125 + 
SF (52 + 2.8°C) prior to starting the test run. Prior to 
recording the average temperature of the remote thermal 
storage at the beginning of the test run per A2.12.6.2, operate 
the storage tank(s) destratification pump(s) until all the tank 
water temperatures per A2.6.3 are within 1°F (0.5°C) of the 
average storage water temperature. The load draw on the heat 
exchanger should be at the target load draw for the Category 
being tested for at least 1 h prior to starting the test run. 


A2.12.6 Test Run Start: 

A2.12.6.1 For the Category IV and Category II test runs, 
refer to the main test method, 12.2.9.1. 

A2.12.6.2 For the Category II and Category I test runs, tare 
the scale, start all sampling systems, and record the time and all 
initial temperatures including the average heat storage media 
temperature before beginning the fuel ignition sequence. 

(1) The manufacturer shall provide written operating in- 
structions that must include kindling and fueling instructions 
when starting with an empty firebox. Follow the manufactur- 
er’s written instructions for kindling placement (including 
newspaper, if used) and ignition, for the addition of the start-up 
fuel, for addition of the remainder of the test fuel load and for 
setting heater controls (including bypass dampers, if appli- 
cable) during start-up except: 

(2) All test fuel must be placed in the firebox within 30 min 
of the ignition of the kindling. 

(3) The fuel load door(s) shall remain closed during the 
Category II and Category I kindling and fueling process except 
when placing and igniting the newspaper and kindling, adding 
the start-up fuel and adding the remainder of the test fuel load 
or when adjusting the fuel load during the first 30 min of the 
test run, and, 
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(4) the total time the load door may be open during the first 
30 min of the test is 10 min. 

(5) All heater controls must be at their final run settings 
within 30 min of the ignition of the kindling. 

(6) A portable hand-held homeowner-type gas torch may 
be used for ignition purposes if the manufacturer’s written 
instructions recommend or allow its use. The use of the torch 
is limited to a total of 3 min. 

(7) Every effort shall be made to minimize smoke spillage 
from the fuel load door(s) when open. 


A2.12.7 Minimum Water Temperature Exemption—After 
the test run starts, the return water temperature to the heater 
may fall below the specified minimum per A2.12.5.1 for 
Category I and Category II test runs. 


A2.12.8 Test Fuel Load Adjustment—To help ensure the test 
fuel load is fully consumed, as defined in A2.12.9, the test fuel 
load may be adjusted (that is, repositioning of fuel and 
charcoal) once during a test run, if more than 10 min have 
elapsed without a measurable (1 lb (0.5 kg) or 1 % of the test 
fuel load weight, whichever is greater) weight change. The 
time used to make this adjustment shall be less than 60 s. 


A2.12.9 Test Run Completion—At the end of the test run, 
stop the particulate sampling and record the run time and all 
final measurement values. The test run is completed when 
either: 

A2.12.9.1 The remaining weight of the test fuel load is less 
than or equal to | % of the total test fuel weight (kindling plus 
test fuel load weight (wet basis) or, 

A2.12.9.2 The remaining unburned fuel and ash weight is 
greater than | % of the total test fuel weight (test fuel load plus 
kindling) and the scale has indicated no measurable test fuel 
weight loss (1 Ib (0.5 kg) or 1 % of the test fuel load weight, 
whichever is greater), for more than 10 min. 

(1) Shovel all remaining unburned fuel and ash from the 
heater and extinguish in an air-tight container. Separate the ash 
from the unburned fuel by sifting using a 0.125 in. (3.2 mm) 
mesh screen. Weight the unburned fuel portion on a scale with 
an accuracy of 0.1 Ib (+0.05 kg). The maximum weight of 
unburned fuel must be less than 5 % of total test fuel weight for 
the test run to be valid. See Fig. A2.2 and Eq A2.3. 

A2.12.9.3 Prior to recording the average temperature of the 
remote thermal storage at the end of the test run, operate the 
storage tank(s) de-stratification pump(s) until all the tank water 
temperatures per A2.6.3 are within 1°F (0.5°C) of the average 
storage water temperature. 


A2.12.10 Additional Test Runs—Using the Manufacturer’s 
Rated Heat Output Capacity as a basis, conduct a test for 
additional heat output categories as specified in A2.4.2.5. It is 
not required to run these tests in any particular order. 


A2.13 Calculation of Results 
A2.13.1 Refer to Main Test Method, 13.1 and 13.2, except: 


A2.13.2 For each test run, determine heat input (Q,,). 
Include the weight of the wood fuel test load and any kindling 
used when determining the gross heat input. Also, include the 
equivalent heat input from any automatic ignition system if 
used. 
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= Wrindting i | Wruet 
Qin con 1+ (M C imane / 100) I+ (MC rer / 100) 
-HHV+Q,,, (A2.2) 
where: 
HHV = the assumed higher heating value of the fuel, 8600 
Btu/lb (19 990 Mj/kg), 
MC ruer average fuel moisture content, percent dry basis, 
kind = average kindling moisture content, percent dry 
basis, 
Wiet weight of main test fuel load, lb (kg), 
Wind = Weight of kindling, Ib (kg), and 
Qien = heat input from ignition source, Btu (MJ). 


A2.13.3 If the weight of the remaining test fuel is greater 
than | % of the total test fuel weight at the end of the test run, 
adjust the total heat input using the following equation: 


Qn, = [Dn — (Wre © HHV,.,)],Btu (MJ) (A2.3) 
where: 
Qin, = Net Heat Input, Btu (MJ), 
Ree = Mass of residual unburned fuel after ash is sifted 


out, lb (kg), and 


HHVp,, = Assumed HHV of unburned fuel - 12 000 Btu/Ib 
(27 890 MJ/kg). 
Quni = (Warp Coar + Co, j W vater) (TF avg = Tiza 
(A2.4) 
Qroad = ane -AT,- M, 5 t) (A2.5) 
Q siorage = (Wrank < Crank + Cra j W aver)" (TP antav = TI riii) 
(A2.6) 
Q ou_torat = Qroaat Qunist Qstorage (A2.7) 
where: 
Crunk Specific heat of storage tank material, 
Wrank = Weight of storage tank(s), 
Frank_ave = Final average storage tank temp, 
Tltank_avg = Initial average storage tank temp, 
Qroad = Total heat delivered to simulated load, 
Unit = Net energy content change of appliance and 
on-board water, 
Osisrage = Net energy content change in storage, and 
Out Total = Total heat output. 


ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned 
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk 
of infringement of such rights, are entirely their own responsibility. 


This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
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and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the 
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address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website 
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222 
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http:/www.copyright.com/ 
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